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Summary
The conditions of enzymatic hydrolysis of thioglucosides, which are the precursors of
the pungent components in Armoracia rusticana grown in China, were studied. The effects
of incubation time, temperature, pH and the addition of ascorbic acid on the hydrolysis of
thioglucosides were determined. The optimum hydrolytic conditions for the pungent com-
ponents from thioglucosides were time, 120 min; temperature, 65 oC; pH=4.0 and ascorbic
acid, 2 mg/g. The mixture of pungent components in a pale-yellow liquid and a yield of
0.85 % were isolated and analyzed by GC/MS. Nine constituents were identified, repre-
senting 92.1 % of the pungent components. The major constituents were allyl isothiocya-
nate (78.4 %), 3-butenyl isothiocyanate (1.5 %), 2-pentyl isothiocyanate (2.1 %) and -phe-
nylethyl isothiocyanate (9.4 %).
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Introduction
Armoracia rusticana (horseradish) is a perennial crop
belonging to the genus Armoracia of the Cruciferae fam-
ily. It has a widespread distribution in Europe and Asia
including England, Hungary, Japan and China. In Chi-
na, this plant is mainly grown in Liaoning Province. Its
roots are popularly used as a pungent spice and an in-
dispensable material for producing horseradish paste
and pungent sauces. The intact or dried horseradish
does not exhibit much aroma, but while cutting, shred-
ding, and especially grating it or in contact with water,
a very strong pungent and lachrymatory odour is relea-
sed, which is enzymatically produced from thioglucosi-
des (TGOs). TGOs exist naturally in horseradish as the
precursors of the pungent components including sini-
grin for allyl ITC, gluconasturtiin for -phenylethyl ITC,
and methylthiopropyl TGO for methylthiopropyl ITC.
The hydrolytic reactions of TGOs in A. rusticana are as
follows (1):
Isaac and Kohlstaedt (2) reported allyl isothiocyana-
te (ITC) and -phenylethyl ITC as the main pungent
components of horseradish grown in Japan. Gilbert and
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Scheme 1. Hydrolysis of TGOs in A. rusticana under enzymatic
condition
Nursten (3) made a comparison of the pungent compo-
nents of horseradish grown in England, Hungary and
Japan. The authors identified five components including
allyl ITC, 4-pentenyl ITC, -phenylethyl ITC, 2-butyl ITC
and allyl thiocyanate in British, Hungarian and Japanese
horseradish. Kishima et al. (4,5) and Kojima et al. (6–12)
reported on the pungent components of wasabi (Wasabia
japonica Matsum.), which is not the same plant as horse-
radish, but it is used in Japan as horseradish. They
found that allyl and -phenylethyl ITCs were the major
components. In addition, eight minor components such
as methyl, isopropyl, 2-butyl, 3-butenyl, 4-pentenyl,
5-hexenyl, hexyl and 6-heptenyl ITCs were also identi-
fied in wasabi. Wasabi is nearly indistinguishable from
horseradish in taste. Moreover, Hansen (13) found ITC
contents in horseradish grown in Europe to range from
1.2 to 2.0 %. In recent years the pharmacological effects
of horseradish have been receiving a great interest. De-
pree et al. (1) have reviewed the pharmaceutical properties
of horseradish. ITCs inhibit the growth of food poison-
ing bacteria and fungi (14). In addition, these compounds
also exhibit antioxidative and superoxide scavenging
potency and antimutagenic activity (14). Further, ITCs
might be used as cancer chemopreventive agents (15–17).
The differences in climatic and geographic conditions
usually result in qualitative differences of horseradish
such as chemical compositions and pharmacological ef-
fects. The purpose of this paper is to present the condi-
tions of enzymatic hydrolysis for TGOs and a detailed
analysis of the composition of pungent components in
A. rusticana grown in China.
Materials and Methods
Plant material
The dried roots of A. rusticana were collected from
Dalian (N39o, E122o), Liaoning Province, China. The
sample was ground into 40–60 mesh powders before
analysis. The level of glucosinolates in horseradish pow-
ders was 88.2 mol/g prior to enzymatic hydrolysis,
which was determined according to the official HPLC
ISO method (18).
Reagents
All chemicals were of analytical reagent grade or
better. Milli-Q water (Millipore Company, Bedford,
Mass, USA) was used throughout the experiment. ITC
standard compounds were obtained from Aldrich (Al-
drich Chemical Company Inc., Milwaukee, WI, USA) or
were prepared according to the literature (3).
Ascorbic acid stock solution of 10 mg/mL was pre-
pared by dissolving an appropriate mass of ultra pure
grade ascorbic acid (Beijing Chemical Company Inc.,
Beijing, China) in Milli-Q water. Working solutions of 1
mg/mL and 100 g/mL were prepared by serial dilu-
tion, respectively.
The piperidine standard solution of 0.1 mol/L was
prepared by dissolving 4.8 mL of piperidine (Aldrich) in
an appropriate volume of acetone and diluting to 500
mL with acetone. Finally, the piperidine solution was
standardized titrimetrically with a standard solution of
0.1 mol/L of hydrochloric acid and a mixed indicator of
0.1 % bromcresol green (3 parts) and 0.2 % methyl red
(1 part).
Buffer solutions for pH ranges of 1.0–11.0 were pre-
pared by mixing the solutions of sodium citrate and hy-
drochloric acid for pH ranges of 1.0–4.0, the solutions of
acetic acid and sodium acetate for pH ranges of 4.0–6.5
and the solutions of sodium hydroxide and potassium
dihydrogen phosphate for pH ranges of 6.5–11.0.
Selection of the optimum hydrolytic conditions
of TGOs
To each of different 250-mL stoppered conical flasks,
2 g of the powdered roots of A. rusticana, 10 mL of buf-
fer solution with different pH value and an appropriate
volume of ascorbic acid solution were added successi-
vely. The mixture was diluted to 100 mL with Milli-Q
water. The flask was stoppered and the temperature of
the mixture was maintained by keeping it in a hot water
bath at fixed temperature for 120 min to make TGOs in
A. rusticana hydrolyzed. The incubation mixture was co-
oled quickly with an ice water bath, and then the pun-
gent components were extracted with a mixture of 20
mL of petroleum ether (boiling point 30–60 °C) and 1
mL of butanol. After filtering with defatted cotton, the
filter residue was washed with a little petroleum ether
3–4 times. The filtrates were collected and the ether la-
yer was separated in a separating funnel. A volume of
10 mL of the piperidine standard solution was added to
the ether layer, which was stoppered, mixed up and
stood for 50 min, then the excess piperidine was titrated
against the standard hydrochloric acid using a mixed in-
dicator of 0.1 % bromocresol green (3 parts) and 0.2 %
methyl red (1 part). The solution was titrated from blue-
-green to the milky yellow end-point (19).
Isolation of the pungent components
A mass of 50 g of the powdered roots of A. rusti-
cana, 10 mL of the buffer solution (pH=4.0), 10 mL of 10
mg/mL ascorbic acid solution and 80 mL of Milli-Q wa-
ter were added to a 250-mL stoppered round-bottomed
flask. After the flask was stoppered, the mixture was
hydrolyzed at 65 oC for 120 min and subjected to steam
distillation. The distillate was extracted with ethyl ether
as an extractant. Triplicate extractions were carried out
for each distillate. The extractant was evaporated by va-
cuum distillation at about 25 oC and the oily residue
was dried over anhydrous sodium sulphate, and filtra-
ted into a 1-mL sample vial through a syringe filter of
0.2-m pore size (Alltech Associates Inc., Deerfield, IL,
USA) prior to GC/MS analysis.
GC/MS analysis
GC/MS analysis of the pungent components was
performed on a Hewlett-Packard chromatograph, model
6890 Series II, equipped with a Hewlett-Packard 6890
Series auto-injector and a mass spectrometer selective
detector 5973 (MS) (Hewlett-Packard Corporation, GA,
USA). GC conditions: the capillary column (HP-5MS,
cross-lined 5 % PH ME Siloxiane, 30 m 0.25 mm i.d.,
0.25 m film thickness) was coupled directly to the MS;
the flow rate for the helium carrier gas was 1.0 mL/min;
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the injector temperature was 250 °C; a volume of 1.0 L
of sample of the pungent components was injected in
the split mode at a ratio of 12:1; the temperature pro-
gram was 35 °C for 3 min, 35–150 °C at a rate of 5 °C/
min, isothermal for 2 min, 150 to 250 °C at a rate of 4
°C/min, and finally held isothermally for 6 min. MS
conditions: ionization voltage (Ei) was 70 eV; ion source
temperature was 280 °C; scan mass range was 25–400
m/z; solvent delay time was 1 min.
Identification of the pungent components
The identification of the pungent components was
based on the comparison of their mass spectra with
those of authentic standards and of a mass spectra li-
brary (Wiley Database) and the literature (20), and the
explanation and certification of spectra. The relative
amounts of the individual components were based on
peak areas obtained without FID response factor correc-
tion (i.e. F=1.0 for all compounds).
Results and Discussion
The influence of incubation time on enzymatic hy-
drolysis of TGOs, when run at pH=4.0, ascorbic acid 2
mg/g and 65 °C, was determined. As shown in Fig. 1,
TGOs are completely hydrolyzed in 120 min.
The influence of incubation temperature on enzy-
matic hydrolysis of TGOs was studied at incubation
time 120 min, pH=4.0 and ascorbic acid 2 mg/g. The op-
timum temperature for release of ITCs from enzymatic
hydrolysis of TGOs is 65 °C (Fig. 2). At lower tempera-
ture, the activity of glucohydrolase is insufficient. At
higher temperature, the activity of the enzyme was lost.
Myrosinase was completely inactivated when the incu-
bation temperature exceeded 90 °C.
The influence of pH on enzymatic hydrolysis of
TGOs was studied under the conditions of incubation
time 120 min at 65 oC and the addition of 2 mg/g ascor-
bic acid. The result is shown in Fig. 3. TGOs are com-
pletely hydrolyzed at pH=4.0. With the increase in pH
value, the hydrolytic capacity of TGOs is reduced. We
found that pH is a very important factor in enzymatic
hydrolysis of TGOs to ITCs. In addition, we also found
that further degradation of ITCs was also affected by pH.
The influence of ascorbic acid on enzymatic hydro-
lysis of TGOs was determined under the conditions of
incubation time 120 min at 65 oC and pH=4.0. As shown
in Fig. 4, the enzymatic hydrolysis of TGOs increases
with the addition of ascorbic acid. Maximum hydrolysis
of TGOs is achieved when ascorbic acid concentration
reaches 2 mg/g and beyond. The result is identical to
that of Appelqvist et al. (21), who reported that ascorbic
acid can increase the activity of myrosinase in rape and
turnip rape. This enhancing effect is an advantage for
the cleavage of thioglucosides in the Cruciferae plants.
The mixture of pungent components, obtained by the
enzymatic hydrolysis of TGOs in A. rusticana and the
steam distillation, was a pale-yellow oily liquid in a
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Fig. 1. Effect of hydrolytic time on the pungent components
Incubation temperature 65 °C, pH=4.0, ascorbic acid 2 mg/g





































Hydrolytic temperature / °C
Fig. 2. Effect of hydrolytic temperature on the pungent compo-
nents
Incubation time 120 min, pH=4.0, ascorbic acid 2 mg/g






































Fig. 3. Effect of pH on the pungent components
Incubation time 120 min, temperature 65 °C, ascorbic acid 2 mg/g
yield of 0.85 %. Nine constituents were identified, all of
which belong to ITCs. The results are shown in Table 1.
As far as the GC/MS results, the main components of
the hydrolysates of TGOs in A. rusticana grown in China
are allyl ITC (78.4 %), 3-butenyl ITC (1.5 %), 2-pentyl
ITC (2.1 %) and -phenylethyl ITC (9.4 %). Among these
sulphur-containing compounds, allyl ITC is the most
abundant.
Conclusions
Comparing our results of analysis with those of Gil-
bert and Nursten (3), Kishima et al. (4,5) and Kojima et
al. (6–12) we found that the major pungent components of
horseradish cultivated in England, Hungary, Japan and
China were basically similar, but there was a little dif-
ference in the contents of allyl and -phenylethyl ITCs,
whose contents in English, Hungarian and Japanese hor-
seradishes were 44.3–55.7 % and 38.4–51.3 %, respecti-
vely (3). Furthermore, the microamount of pungent com-
ponents such as 3-butenyl and 2-pentyl ITCs only existed
in Chinese horseradish. 4-Pentenyl ITC and allyl thio-
cyanate were not found in the pungent components of
Chinese horseradish, but the compounds existed in Eng-
lish, Hungarian and Japanese horseradishes (3,10). Our
results are identical to those of Hara et al. (22), who ana-
lyzed the changes in pungent components of green-
stem and red-stem Japanese horseradish cultivars dur-
ing the cultivation period. Hara found that the contents
of allyl ITC did not differ between the two cultivars, but
there is a little difference in the microamount of isopro-
pyl ITC.
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Table 1. Chemical composition of the pungent components of
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Izdvajanje sastojaka o{tra mirisa kineskoga hrena
enzimskom hidrolizom tioglukozida
Sa`etak
Ispitani su uvjeti enzimske hidrolize tioglukozida koji daju o{tar miris hrenu (Armora-
cia rusticana) uzgojenom u Kini. Ispitano je kako vrijeme inkubacije, temperatura, pH i
dodatak askorbinske kiseline utje~u na tijek hidrolize tioglukozida. Optimalni uvjeti za
dobivanje o{tra mirisa iz tioglukozida su: vrijeme 120 min, temperatura 65 °C, pH=4,0 i
maseni udjel askorbinske kiseline od 2 mg/g. Dobivena smjesa tvari o{tra mirisa u blje-
do`utoj teku}ini, iskori{tenja 0,85 %, analizirana je plinskom kromatografijom/masenom
spektrometrijom. Utvr|eno je 9 sastojaka koji ~ine 92,1 % tvari mirisa. Glavni su sastojci
alil izotiocijanat (78,4 %), 3-butenil izotiocijanat (1,5 %), 2-pentil izotiocijanat (2,1 %) i -fe-
niletil izotiocijanat (9,4 %).
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